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(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemical 
House, Millbank, London, SW1 3JF, a British 
Company, do hereby declare the invention, 
3 for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by die following statement: — 
The present invention relates to a process 

10 for the manufacture of calcium sulphate. 

Calcium sulphate alpha-hemihydrate may 
be manufactured by interacting a source of 
calcium ions and a source of sulphate ions in 
an aqueous system at a temperature which is 

15 above die calcium sulphate hemihydrate/ 
calcium sulphate dihydrate transition tem- 
perature apertaining under the reaction con- 
ditions, followed by separating the alpha- 
hemihydrate as a moist solid and then dry- 

20 ing. Alternatively, the calcium ions and sul- 
phate ions may be reacted below the afore- 
said transition temperature to form gypsum, 
which is separated as a moist solid, and either 
decomposed directly to give the alpha-hemi- 

25 hydrate, or the moist solid is slurried with 
water and decomposed to the alpha-hemi- 
hydrate in an autoclave. 

In the aforesaid processes,. it is convenient 
to use calcium chloride as a source of cal- 

30 cium ions and sulphuric add as a source 
of sulphate ions. We have now found that the 
source of calcimum ions may conveniently be 
calcium carbonate in the form of "brine 
mud" which is an aqueous slurry containing 

35 calcium carbonate and magnesium hydroxide 
produced in brine purification processes, for 
example in the preparation of purified brine 
for use in the ammonia soda process and in 
the production of electrolytic chlorine, and 

40 in the preparation of purified salt. 

According to the present invention we pro- 
vide a process for die manufacture of a cal- 
cium sulphate which comprises 

(i) interacting "brine mud" with sul- 
45 phuric acid to produce a slurry com- 
prising calcium sulphate in the solid 
phase and gaseous carbon dioxide. 

(ii) separating moist calcium sulphate from 
the slurry produced in stage (i), and 



(iii) heating the moist calcium sulphate 5( 
from stage (ii) to give a dry calcium 
sulphate. 

Typically, "brine mud" containing cal- 
cium carbonate and magnesium hydroxide is 
obtained when purifying natural sodium 5; 
chloride brine by the addition of sodium car- 
bonate and sodium hydroxide or lime to pre- 
cipitate calcium and magnesium impurities. 
It is produced in large quantities (of the order 
of 3000 tons/day) in the course of purifying 6( 
natural sodium chloride brine for use in the 
ammonia soda process and in the production 
of electrolytic chlorine. 

A typical analysis of the "brine mud" is as 
follows: — 6; 

% by weight 
CaC0 3 8.75 
Mg(OH) 2 1.77 
SrCOa 0.02 
Nad 21.80 71 

Water 67.66 

The carbon dioxide produced in stage (i) is 
conveniently used for the carbonation of an 
aqueous solution of sodium hydroxide, to give 
sodium carbonate. It is especially preferred 7: 
to use this carbon dioxide to carbonate the 
caustic cell liquor produced in a diaphragm 
cell for the manufacture of chlorine from 
sodium chlorine brine. 

A range of aqueous solutions of sulphuric 8( 
acid containing up to 98% by weight of 
H 2 S0 4 may be used in stage (i), and also 
fuming sulphuric acid or oleum, but it is pre- 
ferred to use sulphuric acid solutions contain- 
ing from 40% to 98% by weight of HjjSO*. 8: 
It is especially convenient to use impure 
sulphuric acid effluents which axe produced 
in a number of industrial processes, for 
example die waste sulphuric acid produced 
in the manufacture of nitrobenzene, methyl 9( 
methacrylate, and sodium cyanide, and the 
waste sulphuric acid obtained after being used 
as a drying agent (e.g. for drying chlorine 
gases, or cMoromethanes). 

Fhe calcium sulphate solid phase obtained 9: 
iu stage (i) may be calcium sulphate alpha- 
hemihydrate, calcium sulphate dihydrate (gyp- 
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sum), or anhydrous calcium sulphate (anhy- 
drite) dependent on the conditions of the 
reaction. 

In an aqueous system containing no other 
5 ions than calcium ions and sulphate ions, the 
calcium sulphate hemihydrate/gypsum transi- 
tion temperature in the reaction mixture is 
about 95°Q The transition temperature is 
effected, however, to some extent by the 
10 actual concentrations of the calcium ions and 
the sulphate ions and to a much greater extent 
by the concentrations of other ions which 
may be present in the reaction mixture, 
especially chloride ions. In the presence of 
15 chloride ions, the transition temperature is 

lowered. For exam ple when reactin g t he 

"brine mud" with sulphuric acid in stage (i), 
the transition temperature is reduced to about 
70°C in a reaction mixture containing a 
20 chloride concentration of 98 g/litre. 

When it is desired to precipitate alpha- 
hemihydrate in stage (i), the reaction may be 
carried out at any temperature above die 
hemihydrate/gypsum transition tempera- 
25 ture in the particular reaction mixture, 
but the degree of conversion of the 
reacting materials to alpha-hemihydrate 
increases with increase in temperature 
and increase in residence time. Hie 
30 process is preferably carried out at a tem- 
perature of at least 20 degrees centigrade 
above the transition temperature. The process 
may conveniendy be carried out at 95 to 
110°C at atmospheric pressure, or preferably 
35 at a temperature of at least 140°Q for ex- 
ample 150 to 160°Q at a super-atmospheric 
pressure (for example between 5 and 10 
atmospneres absolute). The residence time is 
conveniendy in the range 05 minute to 60 
40 minutes, and preferably in the range 5 minutes 
to 15 minutes. 

Stage (i) may be carried out in the presence 
of crystal habit modifiers which axe known 
to assist in the production of alpha-hemi- 
hydrate of commercially useful crystalline 
structure, for example when producing alpha- 
hemihydrate from gypsum as described in 
U.K. 1,051,849. The habit modifiers include, 
for example, inorganic salts of trivalent metal 
ions, such as iron, aluminium, chromium, and 
polar organic compounds, for example acids 
and salts of acids. 

When it is desired to precipitate gypsum in 
stage (i), the reaction may be carried out at 
any temperature below the hemihydrate/gyp- 
sum transition temperature in the particu- 
lar reaction mixture (about 70°G— 95°C). 
This stage of the process is conveniently car- 
ried out at atmospheric pressure. The resi- 
dence time is conveniently in the range 0.5 
to 60 minutes, and preferably in the range 
2 to 10 minutes. 

When it is desired to precipitate anhydrite 
in stage (i), the reaction may be carried out 
at any temperature above the anhydrite/gyp- 



sum transition temperature in the particular 
reaction mixture (about 15— 40°C), and in 
the presence of seed crystals of anhydrite. 

The calcium sulphate solid phase may be 
separated from the slurry of calcium sulphate 70 
and liquor (comprising essentially water or 
dilute sodium chloride brine) by any con- 
venient means, for example by filtration or 
centrifuging, provided the temperature of the 
separating stage is maintained at a tempera- 75 
ture at which the particular calcium sulphate 
solid phase is stable. When separating alpha- 
hemihydrate, the filter or centrifuge is con- 
veniendy operated at 100°C; when separating 
gypsum, die filter or centrifuge is con- 80 
veniently operated at ambient temperature. 

~Wh^s^axating anhydrite, tiie temperature is 

preferably below the temperature at which 
the anhydrite is precipitated. 

The separated calcium sulphate solids are 85 
suitably washed with water and the com- 
bined washings and filtrate (which are essen- 
tially neutral but may contain small amounts 
of caldum, magnesium, chloride and sulphate 
ions) are discarded. 90 

The separated calcium sulphate is heated to 
remove moisture and dry it, for example in 
a steam heated drier at 100 to 120°C to give 
dry alpha-hemihydrate, gypsum or anhydrite. 

The gypsum may, if desired, be converted 95 
to alpha-hemihydrate, for example by heat- 
ing with steam in an autoclave reactor, pre- 
ferably at a temperature of at least 140°Q 
for example 140°C to 160°Q and at a super- 
atmospheric pressure of at least 5 to 10 100 
atmospheres absolute. 

The process according to the present inven- 
tion may be carried out batchwise, if desired, 
but it is especially applicable to continuous 
production. 105 

The dried alpha-hemihydrate produced in 
die present process may be used without fur- 
ther modification in the manufacture of 
plasterboard? wall blocks or as an inert filler. 
The gypsum or anhydrite may be used, for no 
example, as a filler in various industries such 
as cement, paper and glass. The present pro- 
cess also provides useful outlets for "brine 
mud" and for low grade sulphuric acids pro- 
duced in a number of processes. The utilisa- US 
tion of such waste products reduces the en- 
vironmental problems associated with their 
disposal 

The invention is illustrated by the accom- 
panying drawing which shows a flow diagram 120 
relating to the production of calcium sulphate 
alpha-hemihydrate. "Brine mud" is fed to 
the stirred reactor 1 where it is reacted with 
waste sulphuric acid (typically containing 
40% to 98% HjSOO at about 100°C The 125 
carbon dioxide liberated in reactor 1 may 
conveniendy be used to carbonate diaphragm 
caustic cell liquor to produce sodium car- 
bonate. 

The slurry of calcium sulphate alpha-hemi- 130 
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hydrate produced in reactor 1 is fed to a 
filter or centrifuge 2 operating at about 
100°C 

The alpha-hemEbydrate separated in die 
5 filter or centrifuge 2 is washed with water 
and the moist solid is passed to a steam heated 
drier 3 operating at about 120°C Residual 
heat in the steam used in the drier 3 may be 
utilised by feeding die steam to the reactor 
10 1. 

The filtrate and washings recovered from 
the centrifuge 2 are discarded. 

The invention is further illustrated but not 
limited by the following Example. 



15 



53 ml of 98% sulphuric acid were added 
over a period of 15 minutes to 1 litre of 
"brine mud". The temperature of die "brine 
mud" containing approximately 95 g cal- 
cium carbonate and 22 g of magnesium 
hydroxide) was initially 102°C and the tem- 
perature of the reaction mixture fell to 98°C 
during the addition of the sulphuric acid. 
The reaction mixture was stirred for a further 
15 minutes and then filtered under reduced 
pressure. The calcium sulphate solids were 
washed with water and then dried to give 
129.5 g of calcium sulphate alpha-hemihydxate 
containing a small amount of unreacted cal- 
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30 cium carbonate. 

WHAT WE CLAIM IS: — 

1. A process for the manufacture erf a cal- 
cium sulphate which comprises 

(i) interacting "brine mud" with sul- 
35 phuric acid to produce a slurry com- 
prising calcium sulphate in the solid 
phase and gaseous carbon dioxide. 

(ii) separating moist calcium sulphate from 
the slurry produced in stage (i), and 

40 (iii) heating the moist calcium sulphate 
from stage (ii) to give a dry calcium 
sulphate. 

2. A process as claimed in Claim 1 wherein 
the sulphuric acid contains 40 to 98% 

45 H 2 S0 4 . 

3. A process as claimed in Claim 1 or 
Claim 2 wherein the sulphuric acid is an 
impure sulphuric acid effluent 

4. A process as claimed in any one of 
^0 the preceding claims wherein the reaction 

is carried out at a temperature which is above 
the calcium sulphate hemihydrate/ calcium 
sulphate dihydrate (gypsum) transition tem- 
perature in the particular reaction mixture 
5$ so as to produce calcium sulphate alpha-hemi- 
hydrate as the solid phase. 



5. A process as claimed in claim 4 where- 
in the reaction is carried out at a tempera- 
ture of at least 20 degrees centigrade above 

the hemihydrate/gypsum transition tempera- 60 
ture. 

6. A process as claimed in Claim 5 where- 
in the reaction is carried out in the range 
95°C to 110°C at atmospheric pressure. 

7. A process as claimed in Claim 5 wherein 65 
the reaction is carried out at 140°C to 160°C 

at superatmospheric pressure. 

8. A process as claimed in Claim 7 where- 
in the reaction is carried out at 5 — 10 atmo- 
spheres absolute. ™ 

9. A process as claimed in any one of 
Claims 1 — 3 wherein the reaction is carried 
out at a temperaure which is below the cal- 
cium sulphate hemihydrate/calcium sulphate 
dihydrate (gypsum) transition temperature in '5 
the particular reaction mixture so as to 
produce calcium sulphate dihydrate (gypsum) 

as the solid phase. 

10. A process as claimed in any one of 
Claims 1 — 3 wherein the reaction is carried 80 
out at a temperature which is above the an- 
hydrous calcium sulphate (anhydrite)/calcium 
sulphate dihydrate (gypsum) transition tem- 
perature in the particular reaction mixture 

and in the presence of said crystals of anhy- 85 
drous calcium sulphate so as to produce 
anhydrous calcium sulphate (anhydrite) as the 
solid phase. 

11. A process for the manufacture of cal- 
cium sulphate alpha-hemihydrate substantially 9G 
as described herein with reference to and as 
illustrated in the drawing. 

12. A process for the manufacture of cal- 
cium sulphate alpha-hemihydrate substantially 

as described in the Example. 9f 

13. Calcium sulphate alpha-hemihydrate 
whenever made by the process claimed in any 
one of Claims 1 — 8, 11 and 12. 

14. Calcium sulphate dihydrate (gypsum) 
whenever made by the process claimed in any 10( 
one of Claims 1 — 3 and Claim 9. 

15. Anhydrous calcium sulphate (anhy- 
drite) whenever made by the process claimed 
in any one of Claims 1 — 3 and Claim 10. 

16. Carbon dioxide whenever made by the 10: 
process as claimed in any one of the preced- 
ing claims. 

17. Sodium carbonate whenever made by 
carbonating an aqueous solution of sodium 
hydroxide using the carbon dioxide made as H 1 
chimed in claim 16. 

A. OLDROYD, 
Agent for the Applicants. 
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